Introduction
Substantial improvements in treatment effectiveness for malignant disease in childhood have resulted in cure or longer survival for this population. The consequence is that the number of long-term childhood cancer survivors in the United States is rapidly increasing. Many of these survivors are now adults. However, there is growing awareness that the ''cure'' associated with cancer treatment may incur other long-term risks. Short-term and long-term effects of treatment, including increased risk of subsequent cancers, are common (1, 2) , and have the potential to adversely affect survivors' future physical, cognitive, and/or psychosocial health (3, 4) . Although some problems, such as cognitive deficits after cranial radiotherapy, are apparent within a few years of completion of therapy (2) , there are often long latencies before the occurrence of other problems. Recent epidemiologic studies suggest that over 40% of childhood cancer survivors treated in the 1960s to the early 1990s have experienced at least 1 chronic disease, often severe in nature (2, 5, 6) . Increasingly, resources are being requested to reduce adverse health-related outcomes and improve quality of life of these young cancer survivors (7) . An important challenge to this effort is estimating the number of individuals who may carry this history and be at risk for increased morbidity and mortality secondary to cancer treatment as children or adolescents.
From 1975, the Surveillance Epidemiology and End Results (SEER-9; ref. 8) tumor registry program has collected information about all incident cancer patients from 9 geographic areas. Two monographs have reported on children, adolescents, and young adults diagnosed with cancer in the SEER-9 areas: cancer incidence and survival among children and adolescents diagnosed between 1975 and 1995 (9) and the epidemiology of cancer in older adolescents and young adults ages 15 to 29 years diagnosed between 1975 to 2000 (10) . Survivors of childhood cancers diagnosed in 1975 or after would have a maximum of 30 years of follow-up in 2005. This period is still not long enough to estimate the number of survivors of childhood cancer who were older than ages 51 years on January 1, 2005. As far as we know, there are no recent data published on the total number of survivors of childhood cancers in the United States that include this important group of individuals; specifically, those living with a history of childhood cancer diagnosed >30 years earlier. Previous estimates were based on the Historical Connecticut Cancer Registry (CT) that reports cases since 1935 (7) . Because SEER-9 covers a much larger population than CT, it provides more accurate and precise prevalence estimates especially for more rare cancer sites, as is the case for some childhood cancers. More recently, statistical methods have been developed to estimate the number of longterm survivors diagnosed before the start of cancer registration, which began in 1975 for the SEER-9 area. The aim of this paper is to provide an estimate of the nature and scale of this potentially at risk population in the United States with particular attention to these longterm survivors, adults diagnosed with cancer as children over 30 years ago, using the SEER-9 data. Although CT may not provide as accurate and precise prevalence estimates as SEER-9, CT nevertheless represents the best longitudinal population-based data against which to validate long-term survivor prevalence estimates.
Materials and Methods
Overview. To estimate the prevalence of survivors of childhood cancers by single sites as well as all cancer sites combined in the United States in 2005, we used incidence and survival data from the SEER registries from 1975 to 2004. We first estimated the prevalence of childhood cancer survivors diagnosed between the years 1975 and 2004 using a method that counts the people alive and adjusts for those lost to follow-up (11) . We then fitted models to SEER incidence and survival for each cancer site as well as all cancer sites combined. These models were extrapolated into the past to estimate the prevalence of survivors diagnosed before 1975 (12) . We used data from the Historical Connecticut Tumor registry (CT) from 1935 to 1997 to validate estimates of longer term survivors for all cancer sites combined.
Data Sources
SEER Data and Sample Population. In this analysis, we used incidence and follow-up data from cancer diagnosed in individuals ages 19 years and younger from 1975 to 2004 in 9 SEER registries (8) , including the states of Connecticut, Hawaii, Iowa, New Mexico, and Utah and the metropolitan areas of Atlanta, Detroit, San Francisco-Oakland, and Seattle/Puget Sound. These registries represent f10% of the U.S. population. The cancer sites considered were as follows: leukemias (I), acute lymphoblastic leukemia (ALL), acute myeloid leukemia (Ib), lymphomas (II), Hodgkin lymphomas (IIa), non -Hodgkin lymphomas including Burkitt lymphoma (IIb-c), brain and central nervous system tumors (III), neuroblastomas and sympathetic nervous system tumors (IV), retinoblastomas (V), renal tumors (VI), bone tumors (VIII), osteosarcomas (VIIIa), Ewing tumors (VIIIc), soft tissue tumors (IX), germ cell tumors (IX), and all cancer sites combined. We only considered malignant tumors, and all cancer sites combined are modeled as a separate site. We used the International Classification for Childhood Cancer (9), which emphasizes morphology rather than topology codes for all of the cancer sites groupings, with the exception of ALL for which we used the SEER site recode (13) . For the major cancer sites considered, the two classifications are very similar, as can be seen from less heterogeneous than lymphoid leukemia between adults and children, simpler models were better able to fit the data.
To estimate the number of long-term female survivors for all cancer sites, we have excluded breast cancer from the data of female all cancer sites combined for similar reasons. Breast cancer incidence and survival have changed dramatically in the last 2 decades due in part to mammography screening in women ages 40 years and older. Because breast cancer represents a large proportion of all cancers diagnosed among women older than 40 years, inclusion of breast cancer might have compromised the parametric form of the incidence and survival models at younger ages (0-19 years). However, the elimination of breast cancer from all female childhood cancer does not affect prevalence estimates because female breast cancer is rarely diagnosed during the childhood or adolescent years. In the SEER database, only 39 breast cancers of 14,593 were diagnosed in females under age 20 years, representing only 0.14% of all cancer sites combined. The same reasons could apply for prostate cancer; however, prostate cancer is diagnosed at older ages than breast cancer and prostate cancer incidence did not seem to affect the incidence of all cancer sites at younger ages. Other sites that presented difficulties in modeling and for which we did not include data separately in this study are as follows: hepatic tumors (VI), retinoblastomas (V) and carcinomas, and other epithelial neoplasms (XI). These tumor sites are reflected in the total prevalence estimates, however.
Data from the CT from 1935 through 1997 was used to validate SEER estimates of long-term survivors and to estimate cancer survival trends before 1975. Population estimates from the U.S. Census Bureau, and all-cause mortality from National Center for Health Statistics were obtained from the SEER*Stat software (14) .
Analysis. The number of people in the United States alive in 2005 and diagnosed with cancer between ages 0 and 19 years was calculated in 3 steps. We first calculated the proportion of survivors alive in the SEER-9 areas diagnosed with childhood cancer between years 1975 and 2004 and ages 0 and 19 years by cancer site, sex, race (White, Black, other; where unknown race was grouped with White race) and age, using the SEER*Stat software (14) and the counting method (11) . To estimate complete U.S. childhood cancer survivor prevalence estimates for the United States, we multiplied the site/sex/race/agespecific SEER cancer prevalence proportions by the respective U.S. sex/race/age-specific populations. To obtain childhood cancer prevalence for all races combined, we summed over all races. The next step consisted of estimating the number of childhood cancer survivors diagnosed before 1975 and is described below.
Complete prevalence of childhood cancer, which includes adults diagnosed with childhood cancer before 1975, is calculated using the CHILDPREV method (12) and implemented in the publicly available COMPREV software (15) . Briefly, the method uses age and period parametric cancer site/sex-specific incidence and survival models fitted to SEER data, to estimate the proportion of prevalent childhood cancer survivors diagnosed before 1975. Because survival before 1975 is an important input into the estimation of long-term survivors, a trend before 1975 has been estimated from the CT data and has been incorporated into the survival models. The survival model with the pre-1975 Connecticut trend is described in detail in Simonetti and colleagues (12) .
We present childhood cancer survival and incidence trends, for some of the most common childhood cancer sites, to aid in interpretation of the prevalence estimates. Joinpoint models are fitted to age-adjusted incidence rates, using the Joinpoint software (16), as a way to describe significant changes in the observed trends. The estimated annual percent change was calculated by fitting a regression line to the natural logarithm of the rates r using calendar year x as a regressor variable, i.e., ln(r) = a + b x. The annual percent change is calculated as 100 (e -b -1) and displayed in the figures.
Validation of Prevalence Estimates using the Historical Connecticut Data. The CT contains incident cases from 1935 to 1997 and allows estimation of 62-year limited duration prevalence at January 1, 1997, which is a good approximation of complete prevalence. The validation consisted of comparing CT 62-year prevalence proportions with SEER complete prevalence proportions. SEER complete prevalence was estimated by calculating 22-year limited duration prevalence using cases diagnosed between 1975 to 1996 at January 1, 1997, and applying the CHILDPREV method as described above. Prevalence statistics were compared as prevalent percents and calculated at January 1, 1997. Comparing prevalence at January 1, 1997, and not January 1, 2005, does not impair the value of the validation. In fact, the validation is strengthened because we are estimating the prevalence of long-term survivors using a shorter series of data.
Results
Using the methodology described above, we estimated that there are a total of 328,652 survivors of childhood cancer in the United States as of January 1, 2005 (Table 2) . Of this number, 24% had survived >30 years since their original diagnosis, and would not have been included without the CHILDPREV method. The cancer sites with the largest number of survivors are brain (51,650), ALL (49,271), germ cell tumors (34,169), and Hodgkin lymphoma (31,598). The proportion of log term (30 or more years) survivors varied by cancer site. Germ cell, soft tissue, renal, and bone are the sites with the largest proportions of these long-term survivors, 43%, 38%, 34%, and 26%, respectively. Leukemia is the site with the smallest proportion of long-term survivors, with only 7% surviving >30 years. Childhood cancer survivors age 60 years and older represent 3% of all childhood cancer survivors. The cancer sites with the largest proportion of survivors 60 years and older are germ cell (15%) and soft tissue (12%).
Validation of Prevalence Estimates. gray areas represents the prevalence of children age 0 to 19 years diagnosed before 1975 in SEER, estimated using the CHILDPREV method. Furthermore, the 22-year prevalence is 0 for ages 42 years and older because this group of childhood cancer survivors would have been diagnosed with cancer at age 19 years or younger before 1975. There is good agreement between the SEER estimated complete and the 62-year CT prevalence proportions (solid line) for both males and females, indicating that the method estimates the number of long-term survivors very well. Prevalent percents from CT show greater variability than the SEER prevalence percents because of smaller numbers. There were some differences between CT and SEER prevalence percent estimates at ages 20 to 35 years for males and 15 to 30 years and 45 to 55 years for females. Apart from the 45 to 55 years age group, most of the differences between CT and SEER estimated complete prevalence occur at younger age groups when the estimates are based entirely or partially on observed data, rather than modeling assumptions. For the younger age groups, these differences likely represent actual differences in prevalence between CT and SEER or variability of the estimates, rather than differences due to the statistical method used.
Because prevalence is a function of both incidence and survival, we also compared 5-year relative survival in SEER and CT. Figure 2A and B display 5-year relative survival trends from the CT and SEER (1975 SEER ( -2004 ) data for selected cancer sites with both sexes combined. Historical trends of 5-year childhood cancer survival varied by cancer site, and this explained most of the variability in the proportion of long-term survivors. For ALL 5-year relative, survival was close to 0 before 1960, which explains the absence of survivors of this disease at age 60 years and over. As improvements in treatment occurred in the 1970s, ALL 5-year relative survival improved such that today, over 80% of children diagnosed can expect to be alive in 5 years. On the other hand, almost 40% of children diagnosed with brain cancer in the 1960s survived 5 years. These differences in historical trends explain why brain survivors are more prevalent than ALL survivors, although ALL is more commonly diagnosed than brain cancer. There was an improvement in 5-year relative survival for all cancer sites, especially for ALL, non-Hodgkin, Hodgkin, and renal and germ cell tumors. For cancers of the brain and soft tissue, and osteosarcoma, the improvement was smaller because these sites had a better prognosis in the 1940s compared with the other sites. Some of the CT survival curves show large variability due to the small numbers in the CT data, especially in the earlier years. Figure 3A and B show annual percent change and joinpoint models (lines) fitted to the SEER age-adjusted incidence rates (dots). All cancer sites, ALL, acute myeloid leukemia, non-Hodgkin, neuroblastoma, soft tissue, and germ cell tumors had significant increasing trends in age-adjusted rates, whereas brain/central nervous system and Hodgkin showed a decreasing trend, although not significant. The increasing incidence for childhood cancers overall seems to reflect the increase in ALL incidence, and the reduced pace of this increase after 1985 seems to reflect the stable brain/central nervous system tumor incidence since the mid-1980s.
Discussion
Cancer among children is an important public concern. Each year in the United States, f12,400 children and adolescents younger than age 20 years are diagnosed with cancer (9) . Although childhood cancer is rare, it is the most common cause of disease related mortality for children age 1 to 19 years, with f2,300 children and adolescents dying of cancer every year in the United States (17). Because both incidence as well as survival rates for childhood cancers have been steadily increasing, the number of childhood cancer survivors is expected to increase in the future.
We estimated that there are 328,652 survivors of childhood cancers in the United States as of January 1, 2005, and of this number, f27% are age 40 years and older. To our knowledge, this is the only study to estimate complete prevalence for survivors of childhood cancers in the United States. Our application of the CHILDPREV method allowed inclusion of this group of long-term survivors who were diagnosed before routine registration of cancer patients in the SEER areas. The sites with the largest number of long-term adult survivors of childhood cancers are germ cell, soft tissue, renal, and bone. Leukemia is the site with the smallest proportion of long-term survivors. We estimated that ALL survivors are less prevalent than brain cancer survivors, although ALL is more common than brain cancer and for the past 30 years has a better prognosis. This seemingly counterintuitive finding is due to differences in survival before 1970. Before 1970, 5-year relative survival for ALL was practically 0, compared with a 20% to 40% 5-year relative survival for brain cancer, as illustrated in Fig. 2A . Among ALL survivors, 18% are 30 years and older, whereas for brain cancer survivors, 39% are 30 years and older.
Others have reported that adult survivors of childhood cancers have poorer quality of life and more health limitations than similar adults without a cancer history (3). Compared with their siblings without cancer, cancer survivors are also more likely to have lower levels of educational attainment and have poorer employment outcomes (18) . Costs of medical care for this group is largely unknown. Because the number of childhood cancer survivors is expected to continue to increase, further evaluation of the long-term health, employment, and economic consequences for childhood cancer survivors will be an important area for additional research. SEER (1975 SEER ( -1996 and CT (1935 CT ( -1996 Despite the strengths of this study, there are some limitations to the estimates presented here. Estimates of the number of long-term survivors are based on incidence and survival models estimated from SEER data and extrapolated into the past. However, validations for all cancer sites combined for males and females showed that the prevalence proportion of long-term survivors using these models was comparable with observed prevalence proportions from the CT data. There were some differences between the estimated SEER and actual CT prevalence proportions. However, these differences occur at younger age groups and are also evident in the 22-year limited duration prevalence and likely represent actual differences in prevalence between CT and SEER, rather than differences due to modeling or the estimation method used. Similar validations for some of the major cancer sites have revealed comparable results (data not shown). For the more rare cancer sites, it was not possible to validate findings because of the very small number of cases available from the CT data. Projection of prevalence proportions from SEER to the U.S. population accounts for differences in age, sex, and race distribution in the United States and SEER but not other factors, such as socioeconomic status.
In 2011, the first of the baby boom generation will turn 65 years. Because cancer is principally a disease Figure 3 . Age-adjusted incidence trends (rates per 100,000) for both sexes combined by selected cancer sites: all sites, ALL, brain tumor, acute myeloid leukemia, Hodgkin lymphoma, and nonHodgkin lymphoma (A), and neuroblastoma, renal, osteosarcoma, bone, soft tissue, and germ cell tumors (B). The annual percent change (APC) is the annual percent change for the regression line segments. *, annual percent change significantly different from 0 (P < 0.05). Rates adjusted to the 2000 U.S. population. associated with aging, the number of cancer survivors in the United States is expected to increase as a function of the aging of the U.S. population (19, 20) . The number of survivors of childhood cancers is also expected to increase, however, for different reasons. This increase will not be due to the growth of the childhood population but rather occur as a function of the dramatic improvements since 1970 in survival for those treated as children or adolescents for most cancer sites but especially for ALL. It will also reflect the slow but continuing increase in incidence of childhood cancers. Thus, the number of older adults who will be survivors of childhood cancer is expected to increase in the future.
To our knowledge, this is the first time that the total number of survivors of childhood cancers in the United States, including long-term survivors, has been presented. Although survivors of pediatric cancers constitute a small percentage of the population (1 of 1,000) and 3% of the total cancer survivor population (17), they represent a special segment of the cancer survivor population. With the expanding prospect of living not just with but through and beyond their cancer treatment, these individuals and their families are living long enough to fully manifest the human costs of cure. This includes increased risk of disease and treatment-related morbidity and mortality, mortality due to other life threatening conditions, and chronic morbidity or functional impairment caused or exacerbated by a cancer treatment history. Attention in particular to the effect of survivors' health behaviors and medical follow-up care on their overall morbidity and mortality is a growing area of clinical and research focus (2, 5) . There is a growing need to screen for and, as possible, prevent or mitigate chronic or late occurring problems (e.g., heart disease, thyroid dysfunction, osteoporosis, second malignancy), and to promote health, to maximize the social, psychological, and economic well-being of long-term cancer survivors and their families. It is hoped that by providing estimates of the scale of the problem, researchers and health officials will be galvanized to conduct needed long-term survivorship research among this fast maturing population, and to develop models of follow-up care that will enable us to capitalize on the advances made in treating childhood cancer and eliminate unnecessary suffering and death secondary to this therapy.
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